J Bras Patol Med Lab • v. 42 • n. 6 • p. 455-460 • dezembro 2006 key words unitermos abstract The present study aims to evaluate, through lectin histochemistry, the alterations in the expression of cell surface carbohydrate between benign and malignant lesions of skin using computer image analysis. Skin fragments were obtained through biopsies and diagnosed as basal cell carcinoma (BCC), epidermoid carcinoma (EpC), trichoepithelioma (TE), keratoacanthoma (KA), seborrheic keratosis (SK) and actinic keratosis (AK). Lectins Con A, WGA, PNA, UEA-I and LTA were used in histochemistry study. Image analysis was carried out in a workstation using OPTIMAS TM software system. PNA strong binding pattern to studied tumours evidenced the high expression of D-galactose residues in the epidermal neoplasms when compared to other sugars recognized by the other lectins. Among benign neoplasms, KA presented a high expression of glucose/mannose, α-fucose and D-galactose residues evidenced by the intense staining of Con A (94.7%), LTA (84.2%) and PNA (89.4%), respectively. Malignant tumours showed distinct binding patterns. EpC presented significant binding only by PNA lectin. BCC was differentially stained in comparison to the staining pattern observed in benign lesions such as TE. Qualitative (lectin histochemistry) and quantitative (digital image analysis) data obtained in this study evidenced those lectins are potential markers to biochemical alterations in skin neoplasms.
Introduction
The difficulty in diagnosing many skin neoplasias is related to a variety of factors such as a huge spectrum of tumours and their variants and the lower differentiation and complicated nomenclature (43) . Besides that, many studies are inconclusive to affirm whether the cellular origin of some malignant lesions is derived from benign tumour differentiation and pre-neoplasic tumours or from normal cell (42) .
In routine histology, there is not a precise staining pattern to differentiate all skin tumours. Epidermis neoplasic lesions such as squamous cell carcinoma and keratoacanthoma are many times difficult to be differentiated from each other using routine histology analysis (7) . Trichoepithelioma and basocellular carcinoma; or Bowen disease, actinic keratosis and seborrheic keratosis histology differentiation can be also difficult in small tissue samples (16, 32) .
Immunohistochemistry techniques (33) and lectin staining (3, 27) have been tested as supporting tools for differential diagnosis for skin lesions.
Investigation of lectin/carbohydrate interactions helps in the understanding of histogenetic origin and tumour behaviour during its differentiation (14) and confirms the hypothesis that biochemistry changes in the cell are events that can signalize cell morphodifferentiations (36) . Glycosylation and glycoconjugate expression are usually altered in tumour cells in comparison to their normal counterpart (4, 24) .
The results of the very few histochemical studies that have been performed so far on the lectin-binding profile of normal human epidermis are mostly controversial; thus, the carbohydrate residue composition of the cell surface in the latter still remains in dispute, and the possible alterations in the epidermal lectin-binding profile are unknown (11) .
In comparison with normal human skin, epidermal lectinbinding pattern in the tumour cells showed considerable qualitative and quantitative variations (13) .
Many methods of analysis have been used to translate in objective and numerically representative standards the transformations occurred in tumour cells (10) . Such methods include colorimetric analysis of neoplasic cell culture (1) , automatic cytometry (28) , nuclear morphometric variation analysis (35) and image analysis of tumour lectin staining (22, 25) .
Digital image analysis has given more accurate quantitative and qualitative data of histomorphologic aspects of neoplasms (8, 23) . From this perspective the present study aims to evaluate the differences of cell surface carbohydrate expression between benign and malignant lesions of the skin using lectin staining and digital image analysis.
Material and methods

Case selection
Skin fragments were obtained through biopsies and diagnosed as basal cell carcinoma (BCC, n = 35), epidermoid carcinoma (EpC, n = 18), trichoepithelioma (TE, n = 12), keratoacanthoma (KA, n = 19), seborrheic keratosis (SK, n = 10) and actinic keratosis (AK, n = 18). Normal human epidermis (NE, n = 25) samples were obtained from the same anatomical site on the opposite side of the tumours. Patients (male and female), whose ages varied from 45 to 80 years old, agreed to participate in this study and signed a consent declaration. The delineation of the study was a retrospective analysis based on paraffin blocks from archived cases (Laboratório de Imunopatologia Keizo Asami [LIKA] of Universidade Federal de Pernambuco [UFPE]).
Tissue preparation
Biopsies were fixed in 10% buffered formalin, submitted to histological routine, and paraffin embedded. Slices (4µm) were adhered in slides treated with 3-aminepropyltriethoxy-silane (APES [Sigma, USA]).
Lectin histochemistry
Concanavalin A (Con A), wheat germ agglutinin (WGA), peanut agglutinin (PNA), Ulex europaeus agglutinin (UEA-I) and Tetragonolobus purpurea agglutinin (LTA) conjugated to peroxidase (Sigma, USA) were used. Tissues were deparaffinized in xylene and hydrated through graded alcohol. Slices were treated with 0.1% (w/v) trypsin solution at 37°C for two minutes, followed by 0.3% (v/v) methanolic hydrogen peroxide, for 20 minutes at room temperature and incubated with conjugated lectins (Con A, 100µg/mL; WGA, PNA, UEA-I and LTA, 80µg/mL) for two hours at 4°C. Slides were washed (twice, 5 minutes each time) with 10mM phosphate buffer, containing 0.15MNaCl (PBS), pH 7.2, after each step. Peroxidase was visualized by incubation in PBS containing 3,3-diaminobenzidine (DAB) and hydrogen peroxide (H 2 O 2 ) for five to eight minutes. Tissue sections were counterstained with Harry's haematoxylin and evaluated through optical microscopy. Inhibition assays of lectin-carbohydrate recognition were performed using the corresponding lectin specific sugar: methyl-α-D-mannoside for Con A; N-acetyl-glucosamine for WGA; α-L-fucose for UEA-I and LTA; and D-galactose for PNA, at final concentration of 300mM.
Digital image analysis
Images of slices of the stained cells (magnification 100x) were obtained using a digital video camera (Sony, Japan) connected to a microscope and processed using OPTIMAS TM , version 6.1 (Optimas Corporation, USA). Fields were chosen randomly from various section levels to ensure objectivity of sampling. The files were then opened in Adobe Photoshop (Adobe Inc., Mountain View, CA) and further processed to assess stained cells. To accomplish this, acquired color images were first split into red, green, and blue channels (Optimas Commander: Split channels).
The images were binarized to black and white and a common threshold level was chosen for representing correct stained cells and minimizing background noise levels (Optimas Commander: Adjust Threshold). To investigate changes in lectin binding patterns revealed by the DABperoxidase reaction we employed the following method: red channel images were initially blurred with a Gaussian filter (one pixel for all sample images) to reduce electronic and background noise (Optimas Commander: Filter: Blur: Gaussian blur); eight-bit grayscale levels were expanded linearly so that the whitest point fell at a grayscale value of 255 and the blackest point at 0; the images were then so that all points above the chosen grayscale value were included for measurement and those below were excluded. However, a common threshold level was chosen for all analyzed images to prevent intra-assay variations. We then inverted the images, which changed all white pixels to black ones and vice versa (Optimas Commander: Adjust: Invert), and employed the image processing for further analysis. Staining control (tissues treated with sugar-inhibited lectins and normal skin samples) was obtained to minimize distortions in values due to the presence of non-marked cells, thus a correction factor (CF) was applied according to the equation CF = s/S, in which s means relative area of the surface and S, the total measured area (24) .
Analyses were developed in three areas, randomly chosen, of the stained tumour tissue where the mean area (µm 2 ) and the number of cells per area (total area: 12234 µm 2 ) were calculated. Dermal and hypodermal vessel areas were omitted. Obtained data were compared using Mann-Whitney U test and Student's t test (p < 0.05) through PRISMA 3.0 software (Texas, USA).
results
Tissue samples presented a homogeneous characterization related to morphologic features related to sex and age ( Table 1) . Among benign neoplasias, KA presented a high expression of glucose/mannose, α-fucose and D-galactose residues evidenced by the intense staining of Con A (94.7%), LTA (84.2%) and PNA (89.4%), respectively. AK exhibited positive staining to PNA and WGA, being negative or irregular (< 5%) for the other lectins staining. The lowest staining was observed for trichoepithelioma.
Lectins presented a varied staining pattern. Specific staining was observed to Con A, WGA and PNA while LTA and UEA-I presented non-specific staining. Epidermal cornea layer was stained by all used lectins. The strong binding pattern of studied tumours by PNA evidenced the high expression of D-galactose residues in the epidermal neoplasms when compared to other sugars recognized by the other lectins (Figure 1) . (9) . The main anatomical sites were neck, arm and head; **statistic analysis (Tukey test; p = 0.73; r =1.25). Malignant tumours showed distinct binding patterns. EpC presented significant binding only to PNA lectin. Basocellular carcinoma was differentially stained in comparison to the staining pattern observed in benign lesions such as TE.
General aspects of the lesions from patients with skin tumours
Statistically significant variations were not observed in the image analysis data of area and number of cells in the evaluated skin tumours ( Table 2) .
discussion
Qualitative and quantitative changes in the glycoconjugates of cell membranes are normal during development and progression of many neoplasic processes (6, 39, 44) . In neoplasic cells the increase on the content and/or expression of surface carbohydrates have been documented using lectin histochemistry (14, 40) . Lectins are sensible, stable and easy-touse tools to differentiate transformed and non-transformed cells (4, 9, 24, 37) . Previous studies demonstrated the presence of glycoproteins in these tissues (14, 15) .
Image analysis data of lectin histochemistry in the area and number of cells stained on skin tumours
Many lectins, such as Helix pomatia agglutinin (HPA) and PNA, recognize tumour cells of malignant melanomas (42) , indicating the association of surface carbohydrates with the metastatic potential of skin cancers (45) . The differentiated expression of sugars during transformation of melanocytes into keratocytes can be used as a distinct marker between benign and malignant skin lesions (27, 29) .
In our study PNA presented a high binding profile to BCC, EpC, SK and KA. Other studies concluded that PNA presented intense binding pattern to KA and squamous cell carcinoma (17, 18) . In both cases, aberrant glycosylation may be associated to a differential cell surface expression of extra cellular matrix receptors in the transformed cell (5) .
The differentiation between BCC and TE is sometimes difficult due to the histology of these lesions (26) . This distinction is clinically very important since BCC must be completely excised because of its aggressive behaviour to local recurrence while TE is a benign tumour, which can be treated with a superficial excision, not requiring another treatment or intervention (38) . Our results demonstrated that specially Con A and PNA can be used as markers for distinction between BCC and TE indicating pathobiochemical specific alterations originated from these neoplasms.
Similar studies to evaluate the cell surface glycoconjugates using PNA, WGA, Con A, LTA and UEA lectins did not observe total accordance concerning lectin-binding (12, 13) . On the other hand, this is probably due to the different fixatives and histological routine process employed in each research.
Quantitative image analysis of the number and area of cells confirmed that the histological differentiation in tumours seem to be also related to changes in the expression of surface carbohydrates in cells (21, 25, 34) . Aberrant glycosylation of tumour cells, defined by the expression of tumour associated carbohydrate antigens (TACAs), is even more frequently found in tumours than activation of certain oncogenes, such as ras. Thus, the TACAs have been used as markers for prognosis of human tumours (5, 30) .
Cell surface glycoconjugates have an important hole in cell/cell interaction, and changes in these glycoconjugates in cancer cells are apparently associated to the altered cell adhesion and development of tumour invasive features (31) . The final composition of cell glycoconjugates is determined by the combined activities of cell glycosyltransferase and glycosidases. The genetic regulation of these groups of enzymes is still poorly understood, but quantitative and qualitative differences in the glycosylation have been considered to reflect differences in gene expression (19) .
Our results get together to the findings of other authors who investigated similar and different diseases, which used Con A, PNA, WGA and UEA-I to characterize tumour parenchyma in BCC (20) , Paget disease by WGA and PNA (41) and epithelioid hemangioendothelioma by UEA-I (2) .
Despite the results, it can be concluded that, in general, the more anaplasic (undifferentiated) a cell becomes the more intense the staining of some lectins can be. This observation indicates that the distribution and expression of glyconjugates in the surface were altered (40) . The Con A, LTA and PNA lectins were useful and distinguished among benign and malignant epidermal neoplasms.
Qualitative (lectin histochemistry) and quantitative (image analysis) data obtained in this study evidence that lectins are potential markers and tools to biochemical alterations in skin neoplasms.
